How do ideas flow
Introduction
How do research ideas spread amongst academic journals? Do leading general interest journals set the trends that field journals then pick up and expand upon? Or, are field journals more cutting edge, and it is the general interest journals that publish in an area only after it has already been indicated as a subject of interest in a focused subfield? A third possibility is that academic journals simply do not pay much attention to each other and publish according to other primary influences. In this paper we investigate the topic of "idea diffusion" and attempt to empirically identify evidence for academic research journals in economics influencing one another on specific subjects.
There has been a lot of research done on publishing trends in economics, particularly on the publishing output of top general interest journals in the field. A number of studies have tried to determine which academics are the most cited (Hamermesh, 2014; Kim et al., 2006) , which departments are the most prolific (Whaples, 1991) , and which subfields garner the greatest research attention (Kosnik, 2015 ; Card and DellaVigna, 2013; Kelly and Bruestle, 2011; Kim et al., 2006) . Analyzing the publication outputs of top general interest academic journals in economics is important; indeed, the top general interest journals are investigated so thoroughly presumably because they are perceived to have an influence on the field and in public policy discourse that is significant and greater than other, less highly ranked or less broadly defined journals.
Few studies, however, investigate whether it is the top general interest journals that actually set the trends over top field journals in economics, or vice versa. Would a young environmental economist seeking prestige and recognition have a greater impact on the field publishing a novel paper on climate change in the American Economic Review or in the Journal of Environmental Economics and Management, the number one environmental economics field journal for the last thirty-five years? In this paper we concentrate on one subfield, environmental economics, and investigate whether it is the general interest journals that seem to set the research trends on climate change, air pollution, water pollution, and other topics, and the top field journal that then follows, or whether it is the field journal that leads the general interest journals on topics of academic interest. How does knowledge and idea diffusion flow through economics research journals?
Literature Review
The study of ideas and how they spread (alternatively called "idea diffusion" or "knowledge diffusion") has a history in the innovation and entrepreneurship literature (Rosell and Agrawal, 2009; Weterings and Ponds, 2009) , where the question of how novel ideas arise and how they gain traction has long held a fascination. Theories in this literature (on things like the importance of geographical proximity, or the importance of universities and basic research) have primarily been empirically tested with patent data, and focus almost exclusively on innovative ideas as represented through patent applications. The econometrics in these papers often parallels, therefore, the citation analysis literature of academic research journals and the efforts of some researchers to determine research influence through most cited articles, or most cited academic departments and people (Hamermesh, 2013; Card and DellaVigna, 2013) , as represented by the direction and degree of citation counts.
But focusing on citation counts in order to determine influence in academic research has many noted problems (Posner, 1999; Lange and Frensch, 1999; Wright, 1989) . While many citations are legitimate, and could be used to lead to a correct determination of which papers 4 from which journals are leading idea flows into other journals, there are many other motivations for citing work that have nothing to do with idea influence, for example, strategic self-citation, collusive reciprocal citation, citation of the editors of the journal of submission, and "celebratory" citing, in which an author hopes to increase the perceived importance of his or her work by tying it to an especially well-known, influential publication. The results of citation analysis presume that the majority of citations faithfully reflect the origin of some piece of information or acknowledgement of priority, but this may not always be the case. Therefore, this paper focuses on a different methodological tool for investigating idea diffusion through academic research: textual analysis.
Textual analysis doesn't use the proxy of citation (or patent) counts, but focuses on actual ideas themselves, and their usage in the literature (as represented through word choices), to analyze knowledge flows and idea diffusion. Our empirical strategy, therefore, is more direct than has been used in the past when studying journal influence. Rather than focusing indirectly on prolific people, departments, or journals, this research focuses on important ideas themselves and how they have been used in the literature over time.
Data
The output of five top-tier general-interest academic journals was studied All of the abstracts published in all six of these journals for the years 1974-2014 are in the database. Special symposium articles, if they include abstracts, are also included.
1 Given these criteria the corpus includes 15,531 abstracts, some descriptive information for which can be found in Table 1 .
Model
We assume a population of agents, X i , on a landscape (of indeterminate form) which forms a research network -see 
Methodology -Textual Analysis & Econometrics
This paper combines textual analysis with regression methods for its primary empirical results. 2 The raw data from text analytic counts of keywords are used as variable inputs in 2 Textual analysis is the accumulation of large amounts of textual data, the cleaning and parsing of the text with unique algorithms, and then the turning of the text into a database where the words themselves are statistically analyzed for trends and correlative patterns. Textual analysis as a methodological tool has taken off in the last decade in many social science disciplines (most notably political science and psychology), and it has begun to be utilized in the economics literature as well (Kosnik 2015 (Kosnik , 2014a x 6 7 regression methods that seek to determine Granger causality of key terms and concepts between the journals under study.
The unstructured text utilized in this paper comes from the research abstracts included in the database. The text is organized within a vector-space model (VSM). In the VSM each element of the vector indicates the occurrence of a word within an abstract. A collection of abstracts results in a collection of vectors; 15,531 to be exact in this study.
There is some debate as to whether the elements of the vectors should be transformed in any way, perhaps turned into logs of frequency of use in order to tamp down the raw frequencies.
Another option is to weight the elements in some way, such as through an inverse-document frequency transformation. 3 In this paper we have chosen to leave the elements as raw, unweighted counts of frequency of use. This is because we want single occurrences of terms (for example, "climate change") to count, and we want multiple occurrences of terms to count for relatively more, as a representation of greater attention and focus. All of the following keyword counts, therefore, are based on raw term frequency analysis.
The focus of this paper is on the subfield of environmental economics. Within environmental economics, the following six topics were chosen for analysis: air pollution, water pollution, climate change, sustainability, recycling, and surveys. These topics were chosen after consulting a number of textbooks in the field, with special attention to chapter headings and themes which appeared to be of consistent importance across the academic textbooks. 4 In addition, topics were chosen according to the number and uniqueness of keywords available to 8 represent them. 5 Table 2 provides the keywords and phrases used in the analysis of each of the topics.
The combined frequency counts of the keywords associated with each topic were used as variables in estimating vector autoregressive (VAR) models. VAR models fit a multivariate time-series regression of each dependent or endogenous variable on lagged values of itself and
on lagged values of all the other dependent or endogenous variables (Tsay, 2002; Kennedy, 2003) . We estimated reduced form VAR models in which the frequency of the keywords comprising a topic from a journal is a function of the lagged frequencies of that topic in the journal in question and the lagged frequencies of that topic in all of the other journals. All keyword frequencies were assumed to be endogenous, so the frequency of a keyword in a specific journal might be dependent on a preceding frequency of that keyword in the same journal or in another journal.
To test for leadership we apply the Granger causality test (Granger, 1969) to the VAR results. The general two variable case of the Granger model is: Rejecting the possibility of instantaneous causality across journals, the models estimated were the once lagged version:
and the once and twice lagged version:
where , , = the frequency of keyword i in journal k in year t = the set of journals complementary to journal k in which keyword i appears, k∉k c Each of these models was estimated simultaneously for all journals. Results from these regressions were used to conduct Granger causality tests. For each topic category, causality was tested between every pair of journals in which the keywords appeared so that causality could be 10 identified between each pair. For equation (1) the null hypothesis was that each , was zero.
For equation (2) the null hypothesis was that each pair of , , and , , was jointly zero.
Because this is a time-series analysis, the issue of publication lags may be a concern. If two journals have significantly different lags from initial submission to publication, it may be that articles submitted simultaneously could appear to have an intertemporal causal relationship if one journal has, for example, a publication lag that is a year or more longer than the other's.
Results from Björk and Solomon (2013) show that receipt to publication lags are longer for journals related to business and economics than for other disciplines, making the issue potentially important here. Unfortunately, discerning these lags for a journal is difficult. While most journals offer some analysis of the lag from submission to decision, the information varies in form, making direct comparisons impossible. 6 While direct comparisons may be impossible, a careful reading of the journals' reports suggests that delays for the journals in this sample all tend to be less than a year, alleviating concerns that any results observed might be purely the result of differential lags. Further, the existence of any publication lag would support the rejection of instantaneous causality.
Results
We begin our investigation into causality of ideas between the journals first with simple tests of individual keywords from the list in Table 2 . This resulted in 590 once-lagged causality tests, and 489 once and twice-lagged causality tests. Results are available from the authors upon 11 request, but the main take-away is that there does appear to be significant causality in the frequency of at least some individual keywords between the journals. Of the 590 and 489 tests, 64 and 112, respectively, yielded results that were significant at the 5% level. These numbers are greater than the number of significant results that would be expected in the absence of causality (29.50 and 24.45 respectively), suggesting that the frequency of many environmental keywords is Granger-caused by the frequency of the same keywords in other journals under study. In particular, JEEM and AER turned out to be the journals that, at the individual keyword level, most frequently influenced the other journals under study. At the same time, JPE showed remarkable independence of keyword use. Table 2 under a particular topic, for example climate change, across all the journals under study. Table 3 provides an aggregated numerical count of all the keywords in each topic for all the journals under the time span of this study, 1974-2014.
But testing individual keywords does not tell us much conceptually. What is of greater interest is the results of Granger causality tests from aggregated keyword counts of all the terms in
We estimated once and twice lagged VAR models of the relationships between the topic frequencies in each of the journals, examining each journal as the potential follower against each of the others as the potential leader. In total there were 180 Granger causality tests associated with these VAR models. The results reveal that of these 180 tests, 33 yielded results that were significant at the 5% level or better, suggesting that significant leadership in topics exists between the journals. As shown in Table 4 , JEEM, AER and E were significant leaders in five topics and JPE, QJE and RES were significant leaders in six topics. JEEM's leadership was primarily in the controversial areas of surveys (related to contingent valuation) and climate change. JEEM was a significant follower in eight cases, although four of these were for water pollution. AER was a leader primarily in water pollution and sustainability, and it followed only in climate change and surveys. E led primarily in water pollution and surveys and primarily followed in climate change. JPE led in recycling, surveys and climate change and followed in recycling, surveys and sustainability, emphasizing, perhaps, the reciprocal nature of environmental topics among these journals. QJE led in surveys and air pollution and followed in surveys and sustainability, further emphasizing this cyclic nature. RES led in climate change and sustainability while following primarily in surveys. Indeed, leadership seems to vary and be dependent on the topic in question.
We estimated VAR models of the relationships between the aggregated topic frequencies in JEEM and in the combined general interest journals (GENERALS) and tested for Granger causality, with six tests of whether the GENERALS led JEEM and six tests of whether JEEM led the GENERALS. The results, presented in Table 5 , suggest a low level of causality. Out of the six topics studied, only two -climate change and surveys -showed significant causality. In both of those JEEM led the GENERALS, although with climate change, the GENERALS also led JEEM. The significance of both JEEM and the GENERALS in the topic of climate change reflects variations by keyword; for some keywords JEEM led, while for others the GENERALS led. 7 Overall, there seems to be some (although not a lot of) statistically significant shared causality between the leading environmental field journal and the top generalist journals.
We next investigate the intertemporal nature of the relationships described in Table 5 , in an attempt to discern any changes in the degree of leadership over time. The analysis was repeated for moving ten year segments of the data, looking first at the period from 1976 through 1985, then 1977 through 1986, and so on, estimating VAR models with once and twice-lagged 7 Statistical evidence for this is available from the authors upon request.
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explanatory variables, and then conducting Granger causality tests for both the GENERALS and JEEM leadership or causality. Figure 2 presents these results graphically. The vertical axis measures one minus the Granger causality p-value, so higher levels of the curves represent more significant causality.
The graphs suggest several patterns. First, it is not surprising that both air pollution and water pollution demonstrate insignificant causality in either direction in Table 5 , as it appears that over time both the GENERALS and JEEM showed leadership covering these two topics.
Air and water pollution may have been such broadly important topics in the policy arena that nobody needed to be led here-it was clear that these policy issues were of national interest already.
Climate change, however, shows JEEM leading steadily since the 1980s, whereas the GENERALS have only demonstrated leadership on this topic sporadically. Climate change has been a more controversial policy topic historically, and so it is interesting to discover that JEEM primarily led the coverage of research into this area. It may be that a field journal has more latitude in covering controversial areas than might a general interest journal.
JEEM also appears to be showing some leadership on the topic of recycling. Throughout the 1980s JEEM leads on this, and through the 2000s as well, although in the 1990s there is evidence of leadership by both JEEM and the GENERALS.
With regards to the topic of surveys, neither JEEM nor the GENERALS leads in the early years, but after 1990 JEEM clearly takes the lead on this. It is this latter effect which is likely leading to the significant leadership coefficient for JEEM in Table 5 . Before the 1990s there was some controversy in economics as to whether surveys constituted reputable evidence or not, however, after the Blue Ribbon Panel decision in 1993, surveys and contingent valuation gained respectability as empirical evidence, and so use of survey evidence took off in environmental economic publications, although it appears less so still in the general interest journals.
Finally, the figure on sustainability appears to show the GENERALS leading in the 1980s, but then neither the GENERALS nor JEEM showing much consistent leadership after that. Sustainability may be one topic where the journals really didn't take their cues regarding idea importance from each other, but from, perhaps, outside unseen influences unrelated to each of the journals.
Conclusions
We began this paper by asking the question, in order to have the greatest impact on the field, should a young environmental economist seek to publish in a top general interest journal, Table 5 
